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(54) MULTI-PIECE CELL, AND MAGNETIC RANDOM ACCESS MEMORY ARRAY 
INCLUDING THE CELL 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a new memory cell structure and a 
memory array structure used for a MRAM device that can achieve a low 
power consumption of word current. 

SOLUTION: The new type memory cell structure 20 for a magnetic random 
access memory has many partial cell pieces 21-24, and digital 
information is stored in the partial cell pieces 21-24. Each of partial 
cell piece 21-24 is formed by magnetic layers 27, 28 separated by 
conduction layers 29. A word line 25 is positioned near each partial 
cell piece so that it winds around partial cell pieces and winds on the 
same surface as partial cell pieces. Thereby, a low power consumption is 
achieved and word current is effectively utilized. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is a magnetic random access memory cell (20 40), and is the 
eel piece (21-24) of plurality. The eel piece which has two or more 
magnetic layers estranged by the conductive layer; in order to impress 
the magnetic field generated according to the WORD current which is a 
WORD line (25 41) and flows on the WORD line concerned to said eel piece 
In order to detect the condition of being WORD line; and the sense line 
(26) which are positioned near a eel piece, and having been saved at 
said memory cell The magnetic random access memory cell characterized by 
consisting of sense line; by which series connection is electrically 
carried out to said eel piece. 

[Claim 2] It is a memory array in a magnetic random-access memory device 
(50), and they are two or more memory cells (56-60) arranged in on 
vertical Rhine and horizontal Rhine in the shape of a :matrix. each 
memory cell concerned — the 1- having a eel piece to the Nth, each eel 
piece concerned has two or more magnetic layers estranged by the 
conductive layer — The memory cell of a place; so that it is two or 
more WORD lines (WO-WN), and a certain WORD line may be equivalent to 
each vertical Rhine and the magnetic field generated according to the 
WORD current which flows on the WORD line concerned may be impressed to 



said eel piece Said each WORD line is positioned near [ said / each ] 
the eel piece of each memory cell in the shape of [ said ] vertical 
Rhine. The memory array which are WORD line [ of a place ];, and two or 
more sense lines (SO-SM), and is characterized by consisting of sense 
line; by which series connection is electrically carried out to said eel 
piece in order to detect the condition of being saved at said memory 
cell. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] Generally especially this invention relates to 
the memory cell structure of magnetic random access memory about 
magnetic random access memory. 
[0002] 

[Description of the Prior Art] Magnetic (magnetic) random access memory 
(MRAM) consists of two or more memory cells which align at a WORD line 
(word line) and a sense line (sense line), and, typically, each memory 
cell has two magnetic layers estranged by a conductive layer or the 
insulating layer. The structure of MRAM is the application number 08 
which is coincidence connection U.S. application / 933, name 
"FERROMAGNETIC GMR MATERIAL AND METHOD OF FORMING AND USING" (filing 
date of application 6.6.1995) and the application number 08 that is 
coincidence connection U.S. application / 136, and name "GMRMATERIAL AND 
METHOD OF FORMING AND USING" (indicated at filing date of application 
6.6.1995.). [ 553 and 933 ] [ 554 and 136 ] They are incorporated as 
bibliography into this specification. 

[0003] The perspective view of the typical magnetic-substance memory 
cell 10 used for MRAM is shown in drawing 1 . A memory cell 10 has the 
1st magnetic layer 11 and the 2nd magnetic layer 12 which are estranged 
by the conductive layer 13. A magnetic-substance ingredient (for example, 
NiFeCo) is used for the 1st magnetic layer 11 and 12, and a conductive 
layer 13 uses copper (Cu) for it. The 3 layer 11, and 12 and 13 are 
doubled, and a huge magnetic-reluctance (a giant magneto-resistive 
(GMR)) ingredient (material) is formed. The WORD line 14 (the Ward 
current is conducted) is positioned near the 1st magnetic layer 11, and, 
thereby, supplies the magnetic field generated according to the Ward 



current into a GMR ingredient. A sense line 15 (a sense current is 
conducted) connects with GMR in ohmic contact, and, thereby, detects 
magnetic reluctance. 

[0004] Digital information is expressed as a direction of the magnetic 
vector in magnetic layers 11 and 12. The digital information maintains 
eternally the condition (state) of having been given until the 
information is intentionally changed by the non-opposed magnetic field 
exceeding a threshold level. In order to change or write in the 
condition of a memory cell 10, all the magnetic fields (the magnetic 
field is enough to switch the direction of the magnetic vector of 
magnetic layers 11 and 12) generated according to the Ward current and a 
sense current are impressed to a memory cell 10. In order to read the 
condition of a memory cell 10, the electrical potential difference on a 
sense line 15 is compared with reference voltage by the comparator (not 
shown), and output voltage is impressed as digital information saved at 
a memory cell. 

[0005] When the electrical potential difference on a sense line 15 is 
compared with reference voltage, parallel lay length (L) of a ******** 
is very more desirable than vertical width of face (W) to the sense line 
15 of magnetic layers 11 and 12 to the sense line 15 of magnetic layers 
11 and 12. Since the ratio (L/W) (it is a bigger value than 5 typically) 
of bigger die-length opposite width of face is chosen, when a magnetic 
field is added to magnetic layers 11 and 12, higher cell resistance is 
brought to magnetic layers 11 and 12. Therefore, higher output voltage 
covers a memory cell 10, and may occur (appeared). 

[0006] However, the still bigger current for the higher switching field 
(switching field) in the eel brought about by the larger L/W ratio is 
needed, so that the high cell resistance is needed. Generally, 50mA or 
the Ward current beyond it is supplied to a WORD line. This means that 
it is required in the condition of a memory cell that a magnetic field 
should be impressed with high current density [ in / for read-out 
(reading) and writing (writing) / appropriately / a WORD line ]. 
[0007] Furthermore, when the ratio (L/W) of higher die-length (L) 
opposite width of face (W) is chosen, other problems occur. The WORD 
line 14 has the almost same width of face as the die length (L) of the 
magnetic layers 11 and 12 of a direction in alignment with a sense line 
15. Therefore, all the WORD currents that are the products (procuct) of 
the current density of a WORD line and the width of face of a WORD line 
increase. 

[0008] Therefore, one of the purposes of this invention is new to the 
MRAM device which attains the low power consumption of the Ward current, 



and it is offering the improved memory cell structure. 

[0009] Other purposes of this invention are offering the memory cell 

[ which is used for the MRAM device which uses the Ward current 

effectively ] structure which was new and was improved. 

[0010] Furthermore, the purpose of this invention is also offering the 

memory array [ which is used for a MRAM device ] structure which was new 

and was improved. 

[0011] 

[Detailed explanation of a suitable example] Drawing according to this 
invention which simplified the memory cell 20 and was expanded is 
illustrated by drawing 2 . A memory cell 20 is formed of four eel pieces 
21-24, the WORD line 25, and a sense line 26. Although the memory cell 
20 (formed on a semi-conductor substrate (not shown)) contains four 
pieces (pieces) in these examples, please understand that a memory cell 
20 may consist of any eel pieces of one or more numbers. Each eel piece 
is formed of at least two magnetic layers 27 and 28 estranged by the 
conductive layer 29, respectively. The WORD line 25 is twisted around 
the eel pieces 21-24 one after another. A sense line 26 is electrically 
connected to the eel pieces 21-24 in succession by ohmic contact. 
[0012] Each eel pieces 21-24 have die length (L) in the direction in 
alignment with a sense line 26, and have width of face (W) to the 
perpendicular direction of a sense line 26 in a list. The ratio R of the 
die length (L) to width of face (W) is larger than 1, and 1. 25 is chosen 
from 5 as a small type target. Each eel pieces 21-24 have and estrange 
distance of a gap (G) from other eel pieces. Typically, a gap (G) is 
equal to width of face (W) . 

[0013] The magnetic vector of the magnetic layers 27 and 28 of the eel 
piece 21 is oriented in the direction along the magnetic field generated 
according to the Ward current in the WORD line 25. The turn (rotate) of 
a magnetic vector is easily attained, so that said ratio R approaches 1. 
That is, although the condition of the eel piece 21 is switched, only 
the smaller Ward current is needed. However, as the resistance covering 
magnetic layers 27 and 28 falls, the output voltage generated in a sense 
line 26 declines. 

[0014] In order to mitigate this problem, this invention divides one 
memory cell into four eel pieces 21-24, and connects them continuously 
through a sense line 26. By it, though the Ward current maintains the 
amount of the same currents, the total resistance concerned continues 
and increases to the eel pieces 21-24 by one side. 

[0015] The graph 31 illustrating the resistance or the voltage output of 
a memory cell 20 ( drawing 2 ) to the magnetic field or all the magnetic 



fields which are impressed is shown in drawing 3 . The axis of abscissa 
shows the reinforcement of the direction of either of the direction of a 
magnetic field and reinforcement (supports), i.e., the forward direction 
of the magnetic vector of a eel 20, or hard flow (opposes). Usually, it 
expresses with the voltage output of a eel 20. A curve 32 shows the 
magnetic-reluctance property (magnetoresi stance characteristic) over 
various magnetic field strength corresponding to the one direction of a 
magnetic vector through a voltage output. A curve 33 indicates the 
magnetic-reluctance property corresponding to the same magnetic field 
strength to an opposite direction to be said one direction of a magnetic 
vector through a voltage output. In the right-hand side of 0, curves 32 
and 33 showed the output voltage corresponding to the magnetic field of 
the direction which supports the vector of a curve 32, i.e., the 
direction which moves against the vector of a curve 33, and the magnetic 
field to the left-hand side of 0 is a direction which supports the 
vector of a curve 33, namely, they have turned to it in the direction 
which moves against the vector of a curve 32. Typically, curves 32 and 
33 intersect an electrical-potential-difference shaft in the same point, 
and show the same minimum value. For explanation, a curve 33 shifts only 
a few perpendicularly and shows the difference between the curve. 
[0016] The voltage output (V0) of a eel 20 is not concerned in the 
direction of a magnetic vector, but is almost the same in the magnetic 
field where 0 is impressed. A curve 33 shows the voltage output of a eel 
20 which has the vector oriented with hard flow by all magnetic fields, 
and a curve 32 shows the voltage output of a eel 20 which has the vector 
oriented in the forward direction by all magnetic fields as the magnetic 
field increases to HI from 0. In magnetic field strength HI, the vector 
in a memory cell 20 converts and shows output voltage VI. Orientation 
continues and the magnetic vector of a memory cell 20 changes in other 
directions near the magnetic field strength of H2 as total magnetic 
field strength increases between HI and H2. In the H2 neighborhood, the 
vector of a memory cell 20 changes to hard flow, and the resistance 
corresponds to the value of H2, and the value beyond it, and falls. The 
output voltage corresponding to all the magnetic fields of hard flow in 
the same thing is shown also fromH3 to 0 and H4. 

[0017] Drawing according to this invention which simplified other memory 
cells 20 and was expanded is illustrated by drawing 4 . The component of 
drawing 4 which has the same reference number as drawing 2 is the same 
or equivalent to the component with which drawing 2 corresponds. A 
memory cell 40 has the same structure as the memory cell 20 of drawing 2 
except for the WORD line 41. A memory cell 40 is formed of four eel 



pieces 21-24, the WORD line 41, and a sense line 26. Each eel piece is 
positioned in the distance of the same spacing. The WORD line 41 has 
wound on the eel pieces 21-24, and is formed on the same flat surface. A 
sense line 26 follows the eel pieces 21-24, continues and intersects a 
list on each eel section Kataue' s WORD line 41, and is electrically 
connected by ohmic contact. A memory cell 40 has the same property as 
the property of the memory cell 20 shown in drawing 3 . A memory cell 40 
may be simply manufactured easily rather than a memory cell 20. It is 
because the WORD line 41 is formed on the same flat surface. 
[0018] The memory array 50 according to this invention which has a 
memory cell is shown in drawing 5 . Two or more memory cells are 
positioned in a memory array 50 by the array on the intersection part 
which WORD line W0-WN superimposes on sense lines S0-SM. WORD line W0-WN 
and sense lines S0-SM access a memory cell, in order to connect with an 
address decoder 51 and to change into read-out and the condition of 
writing by it. For example, memory cells 52-55 are positioned on the 
intersection part of WORD line W0-WN and sense lines S0-SM. two magnetic 
layers 27 and 28 by which a memory cell 52 has the 1st, 2nd, 3rd, and 
4th eel pieces 56-59, and each eel piece is estranged by the conductive 
layer 29 — since — it is constituted and is the same structure as the 
eel piece 21 ( drawing 2 , 4). Each memory cells 53-55 also have the 1st, 
2nd, 3rd, and 4th eel pieces. 

[0019] The WORD line W0 is first positioned in the top-face side (top) 
of each 1st eel piece 56 of memory cells 52-55, and 60 grades, next 
returns the base side (bottom) of the 1st eel piece 56 and 60 grades. 
Then, the WORD line W0 covers the 2nd eel piece bottom of each eel, and 
is bent. Such wiring is given to the 2nd, 3rd, and 4th eel pieces 57-59 
as a WORD line WO. However, the WORD line WO can wire the base side of 
the 2nd eel piece 57 in memory cells 53-56 at the beginning, and then 
can also wire the top-face side of the 2nd eel piece 57. The WORD line 
W0 winds the perimeter of each group of the 1st, 2nd, 3rd, and 4th eel 
pieces 56-59 continuously. Similarly, WORD line W0-WN also winds the 
perimeter of each group of a eel piece. 

[0020] Thus, the memory cell more effective than the conventional memory 
cell was indicated. This new memory cell can be divided into two or more 
memory cells, in order that fewer Ward currents may read the condition 
of a memory cell or may write in by it, it is applied, and that Ward 
current is effectively used, in order to generate a magnetic field. 
Furthermore, the new memory array structure used for a memory cell is 
indicated. By the MRAM device adopted as the memory array, power 
consumption is reduced dramatically. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing which simplified the MRAM eel which has some GMR 
ingredients. 

[Drawing 2] Drawing which simplified and expanded the MRAM eel according 
to this invention. 

[Drawing 3] Drawing which made the graph the property of the GMR 
ingredient illustrated by drawing 2 . 

[Drawing 4] Drawing which simplified and expanded other MRAM eels 
according to this invention. 

[Drawing 5] Drawing having shown the memory array according to this 
invention which has a memory cell. 
[Description of Notations] 

10, 20, 40, and 52- 56 and 60 Magnetic-substance memory cell 

11, 12, 27, 28 Magnetic layer 

12 Magnetic Layer 

13 29 Conductive layer 
14, 25, 41 WORD line 
15 26 Sense line 

21, 22, 23, 24, 56-59 Cel piece 

50 Memory Array 

51 Address Decoder 
W0-WN WORD line 
S0-SM Sense line 
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A MULTI -PI ECE CELL AND A MR AM AHAT INCLUDING THE CELL 
Field a I the [event ion 

The present invent ice relate! to a mag e e t < c racier, access memory, ana bg 
re particularly, to a memory ceii strnfture of a magnetic random access 
memory . 

Backgruond of the Invent i cn 

A magnetic random access memory CMKAMj consists cf a plurality of memory 
cells arrayed on intersections of word lines and sense lines, each memo 
ry cell typically having tic magnetic layers separated by a conductive o 

1 insulating layer. Strictures of .MR Ms are disclosed in copending appii 
cations bearing serial nnmber G S/5 5 3.533, titled 'FERROMAGNETIC GMR MATE 
RIAL AND METHOD OF FORMING AND USi!.G = : filed June 6 , 1995, and bearing s 
dial number 08/5 5 4,136, titled a C.MR MATFRIAL AND .METHOD OF FORMING AND 
USING", filed Jane 6, 1995, which a^e hereby incorporated by reference k 
erein . 

FIG. 1 shows a perspective view of a typical magnetic memory celt 10 use 
d in the MR AM. Memory cell 10 has a first magnetic layer II and a secon 
d magnetic layer 12 separated by a conductive layer 13. Layers 11. and ! 

2 utilize magnetic material sn-cb as SiFeCo. and cone'ective- layer 13 itil 
izes, for example, Copper (Cv) . The ihrte layers ti. 12, and 13 Ugette 
r form a giant magneto-resistive (CMS) materia! A word lice 14. which 
carries a word car rent, is placed adjacent first layer 11 in order to pi 
o?ide the C-MR material with a magnetic licit generated by the itii cane 
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GMR with an o h re. : c contact to !ecsc a <t a g n e : : t resistance. 
Digital infcrmatiGii is represented as a direction of magnetic vectors in 

magnetic layers 11 an: 12. an; the information i ride ( i c i 1 e 1 j remains in 
a given state until the information is i n t c n t i on a '. i y changed b y as eppes 
tte magnetic field over a threshold level. Id order tc write or change 
a state in memo?? cell 1 C : a total magtciic field generated by the word 
current and the sense current is applied t c m e m c r ) cell 10 thai is s u f f i 
cienl to switch the direction cf the magnetic vecrcrs in magnetic layers 

11 and 12. Tc read the state in memory cell 10. a voltage en sense lin 
e 15 is compared with a reference vciisge by a c n mpa r a t c r (not shewn) an 
d an output voltage is provided as a digital tnfcimat i cn stored in the ro 
etanr j cell. 

When the voltage on sense line 15 is compared with the reference voltage 
, it is desirable that a length (L) alcng sense line 15 cf magnetic iaye 
rs 11 and 12 is much le-ager thai a width (W) cf layers 11 and 12 perpend 
icnlar to sense line 15. Becaese the greater a ratio (L/W) cf the lengt 
1 to the width, typically a value mere than five, is selected, rhe big he 
i a cell resistance is appeared it magnetic layers 11 and 1 I when a magn 
etic field is applied tc the l-ayeis. Acc rrr d ; n R • y . the higher output vc! 
tage can be appeared over the memory c c i 10. 

However, the higher the eel! resistance seeded, the mere co-rent is reaii 
iied tc operate due tc the higher switching field cf the ceii caused by 
a larger L/W ratio. Generally, a 50 eA or mere were current, for e.wmpl 
e, is applied in the word line. This means that s high current den sits 
in the wcrd line is required to apply the magnetic licld for appropriate 
ly reading and writing a state in t h c memory ceii. 

Furthermore., another problem arises whet the higher ratio [l/ff; e! rhe : 
e a g t b (L) to the width -J) is selected. Wcrd line H has almost the same 
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width as the ieo 
5. Accordingly, 
f the word line a 
Therefore, it is 

improved memory 
w power consampt i 
It is a d o t b e r p u i 
oved memory eel 1 
zes the word cur r 
It is still ancthf 
i improved memory 
Sarnma ry of the It 
This need sod cth 
ell wh i ch bis a p 

Each cell piece, which 
actor layer, is connect 
inc. The word : 



cse line 1 
he width o 
cases- 
a nc»' aid 
tains a 1 c 



) of a i s r. e : : c layers 1 i and 12 a i o o g s 
! were current . which i: a product cl 
current set si :y in the «c:d line, inc 
c s e c I the present : n v e d : i c o In p r c i i d 
trcctnre osed :n a MR AM device which a 
of the worn current . 

e of the pre sen: invent! or to provide a oc» and imp r 
tractor e used in a MRAM ccvice which effectively otiii 
nt . 

r purpose of the present invention to provide a ne? at- 
auay stroctorc used in a MR AM device, 
e n t i o n 

rs arc substantia! I y met through prevision of a MR AM c 
u r a I i t y c f cell pieces, a word line and a sense line. 

rroed by ntagoetie layers separated by a cend 
scries * i t h each other piece by the sense I 



placed adjacent magnetic i a j t r i 



of < 



piec 



c where the sense I 
Br i ef Description c 
FIG. 1 shows a simp 
FIG. 2 shows a simp 
e present invention 
FIG. 3 shears a grap 
own in FIG. 2. 

FIG. 4 shows another simplified and enlarged cemory ceii in accordance 



ne is crossed ever, 
the Drawings 

ified MR AM cell having a portico cl GMR materia',, 
ifies and enlarged memory ce!': in accordance with :r 

ii lustra ting clirj c ter i if ict of the GMR material sb 
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-24, 
s forme 
in thes 
prised 1 
s made 
etc: la 
1-21 en 
es to c 
Each ce 
W) p e r p 
id tli (W) 
ti . 



resent 1 c v t s 1 1 c o . 

ess a memory array having icmtry cel.; in accordance with [fee p 
Description of the Preferred Emb 5 si mints 

ows a simplified and enlarged mciro.'j eel! 20 in accordance Fill; 
cnt invention. Memory ce!! 20 it formed by four cell pieces 21 
r d line 25, and a sense ::ne 26. While memory cell 20, which i 
on a scraLccnductu: substrate (no: slovn), includes loir pieces 
examples it should tie unde isccca that mercery ceil 20 may be com 
any number cf cell pieces greater than one. Each cell piece i 
by at least two magnetic iayers 27 and 2S separated by a coodo 
r 2S, respectively. Word line 2s is w e n ad aroond cell pieces 2 
after a n t, t h e r . Sense line 26 is electrically connected in s e ; i 
I pieces 21-21 nth chrnie contacts. 



piece 21-21 has a length (I,) along sense 

icular to sense line 26. A rat ic S cf tfc 
is greater than 1 and less than 5. and typ 

cell piece 21-21 is placed a gap (G) anar 
ch (tap (G) is typically < q a a 1 to the width 
vectors in magnetic layers 27 and 29 cf ce 

a magnetic fieid generated by a icrri ctrr 
ser tc I the ratic II is. the easier the nag 



26 and a width ( 
ogth (L) tc the w 
I j 1.25 
cm ancth 



tale 



c ii p i e c 
creases 
cresses. 



output voltage appearing cn Sense line 26. however, i 
ecaose the resistance over magnetic layers 27 and 25 i 

this issue, this invention divides one raemoi? cell it foe: ce 
21-24 aod serial I y ccoplts them via sense line 26. thereby the 
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total resistance increases ever ceil pieces 21-24. whtie maintaining the 

same amennt of the *oid cm ret t. 
FIG. 3 shows a graph 3! i i ! a s t • a : i c? the resistance or ullage Gclpr. cf 

memory cell 20 (FIG. 2) verses the applied magnetic field or tela! mage 
etic field. The abscissa indicates magnetic field direction and strecgt 
h, that is, the strength either supports cr opposes '.he magnetic vectors 

of celi 20. The ordinate represents the voltage output of cell 20. A 
curve 32 indicates the ma gn e t o r e s i s t a a c e characteristic, via the cut pot 
voltage, for v a I i c s S magnetic field i c t e n s i t i e : for one d i i e c t i o e of mag 
netization vectors. A carve 33 indicates the magne t or es i s t ace e charade 
r i s t i c , via L h e output voltage, (or the s a in e magnetic ( i e ! d intensities 
for the opposite direction of magnetization 'rectors. To the right cf 2e 
ro, curves 32 and 33 indicate the output voltage for magnetic fields tha 
t sippcrt the vectors of curve 32 and oppose the vectors cf curve 33, an 
i magnetic fields to the left of zero support the vectors cf curve 33 an 
i oppose the vectors of curve 32. Tvpicaiiy. ctrves 32 and 33 cross the 

voltage axis at tie same point and have the same mi a imam values. Fo; t 
he sale of explanation, curve 33 is shifted vertically a slight amount t 
0 show the differences between the curves. 

At zero applied field, the vcl.tage cttpor [V0) of cei: 20. is approximate 
Ij the same regardless cf the magce t i za : i en vector direction. As the li 
eld increases from zero to Hi. curve 33 shew; the vo.'tage output ol celi 
20 having vectors that are epposed by the total magnetic fie ! d. and cur 
ve 32 shows the voltage cf eel: 20 having vectors that are supported by 
the magnetic field. At magnetic fie id intensity c! HI. the vectors in i 
emery ceil 20 rotate and indicate the output voltage VI. As the total m 
agnetic field intensity increases between HI and H2 ; the magnetic vector 
s of memory cell 2 0 continue to rotate and snap to the other direction n 
ear a field intensity cf H2 . Near H2. the vectors cf memory ceil 20 sua 
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to the opposite d : : e c 1 i c o at: the resistance d e c r e 
and above. Similarly, the c u • p t : ? c ; t a g e tor at d 
al magnetic field is shewn between jerc acd H2 to H< 
1G. 4 shows another simpiified and enlarged memoir eel! 40 in a 
with the present invention. Elements of FIG. 4 thai hare the 
ience nnmbers as FIG. 2 are the Same or equivalent as the corre 
FIG. 2 elements. Memory cell 40 has the same Structure as memo 

0 in FIG. 2 except for a word line 4!. Memory cell 40 is Urine 
cell pieces 21-24. a *cid line 41. and scr.se line 26. Each ce 

is located at the same interval distances- Word line 41 is fnrrni 
same plane and meanders ce ten cf cell pieces 21-24. Sense !i 

electrically connected with 6 hat i c contacts tc eel; pieces 21-24 
es and crosses over word line 41 en each cell piece. Memory eel 

the same characteristics £ b cw n in FIG. 3 as memory cell 20. Mei 

1 40 can be prodnced more simply and easily than memory cell 20 
word line 41 is formed on the same plate. 



IG. 5 shows a memo r 
present infection, 
disposed in an array on 
sense lioes S0-SM. Word 
d to an address decoder 5: 
g and writing a state. Mi 
intersections of wo r d 
first, second . third 
prising two magnetic 
, which is the S; 
orj cell 53-55 h 
Wo id line W0 
GO, etc. in 



50 having memory cells in acenrdan* 
me r j array 50, a plurality of memor; 
otersections where word lines W0 -WN 
1 iocs W0-WN asd sense ! ines SfJ-SM a 
by which a memory cell is accessed ft 
mcry cells i'l-'zi, lor example, are 
W0 and sense lines S>l SY. Memory 
I o n r ; b c e ' i pieces 56-59. each cell p 
s 2 7 aod 28 separated by a conductor 1 
re as cei 1 piece 21 [F IG5 2 and 4) . E 
e c o c- £ . third, and I o u : t h cell piece 
i firs: on the top of each firs, c e \ '. p 
55 -55 , theE reicrns on the bottom o 1 f 



read 

tec c- n 
52 ha 

yer 29 
ch mem 
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I p i * c e s 5 6. 60 , etc. after which i "- *:sds ever : c ;be tops of the sec on 
d cell' pieces of each of the cells. This wiring is carries out U secon 
d, third, and fcurcfc ceil pieces 37-59 f c r word line WO . Ho*c»cr, word 
line WO may be wired first on the back cf Second cell piece 57 Id mercery 

cells 5 3- 5 6, then go the top cf second cell piece 57. Word iis« Wfj is 
wound in series a r o a o d each g r c o p c f first, second, third, and fourth c e 

II pieces 56-5S. Io a similar fashica. word lines ffl-WN arc also wound 
around each group of ceil pieces- 

Thus, a memory cell which is more efficient than prior memory ceil is d i 
sclosed. The novel memory cell is divided into > plnraiity of ceil piec 
cs, thereby less amount of a *c:d ccrtcc: rati be applied tc read and wri 
tc a state in the memory ceil and the *crj current is efficiently Esed f 
cr generating a magnetic fieio. Fcrtnermcre . a covei memory array strnc 
tirt utilizing the memory cell is explained. The MRAM dencc employing 
the memory amy allows the power ccnsumpiico tc he dramatically reducer! 

CLAIMS 

1, A magnetic random access memory cell (2D. dC; eomprisino: 

a plnrality cf cell pieces (21-24), each cell piece h a v i a picrality c 
f magnetic layers separated by. a coo do etc: iayer: 

a *crd line (25, 41), place: adjacent the ceil pieces. Icr applyioj a ma 
gnetic field created by a word current flcffing it the irerd i;oe tc the c 
ell pieces; and 

a sense line (26), electrically connected tc the celi pieces in series i 
or sensing a state stored io the memory cell. 

2, A memory array in a magnetic random access memory derict (50) cc 
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mp r i s i o g : 

a plurality of memory cells C 5 6 -6 0} ar.'Sred sn :n* 1 : ts e s so; cclorcn line 
s in a matrix, each meacrj cell having firs: ts Nth cell pieces, each ce 
II piece ba'ing a plural it? cf magic tie 'users sspaiatec by a CDDStrtcj 
lajer; 

a pluulity ol word lines (Wfj-ft'Ji) , ore *c;c lite f c : each c o 1 c m n line, e 
a c h word line placed adjacent each cf the cell pieces o I each memory eel 
1 lb the column lice, ft: applying a magnetic lield created b? a wrj r d cu 
nent Hewing in the word line to the ceil pieces; and 
a pluulity ci sense lines [50-SMj . each sense line e 1 ec t r ic a ; I t ccccect 
ed tn the cell pieces in series Icr seising a state stored in the memory 
cell. 
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Ne- 
is acces 
cell pi 
e is fc 
3). A 
around 

(11-14). 

effective 



he Disclcsure 

ypes ol memory eel'. Strictures (20,40) for a magnetic rar.de 
ry are provided. A mercery ceil (20.10) ha; a plurality of 
21-24) where digital in format ice is e teres:. Each ceil piec 
y m a g n e i : c layers (2 7 , 2 5) separated by a coo cue to: iaye; (2 
ine (25,41) is placed aajacert each ceil piece fcr anodic? 
ieces (21 24) and meandering ct a sarre plane cn cell pieces 
example. The invent ice attains less power consumption and 
o s age for a » c r i current. 



